DNA intercalation by quinacrine and methylene blue: a comparative binding and thermodynamic characterization study.
There is compelling evidence that cellular DNA is the target of many anticancer agents. Consequently, elucidation of the molecular nature governing the interaction of small molecules to DNA is paramount to the progression of rational drug design strategies. In this study, we have compared the binding and thermodynamic aspects of two known DNA-binding agents, quinacrine (QNA) and methylene blue (MB), with calf thymus (CT) DNA. The study revealed noncooperative binding phenomena for both the drugs to DNA with an affinity one order higher for QNA compared to MB as observed from diverse techniques, but both bindings obeyed neighbor exclusion principle. The data of the salt dependence of QNA and MB from the plot of log K versus log [Na+] revealed a slope of 1.06 and 0.93 consistent with the values predicted by theories for the binding of monovalent cations, and have been analyzed for contributions from polyelectrolytic and nonpolyelectrolytic forces. The binding of both drugs was further characterized by strong stabilization of DNA against thermal strand separation in both optical melting and differential scanning calorimetry studies. The binding data analyzed from the thermal denaturation and from isothermal titration calorimetry (ITC) were in close proximity to those obtained from spectral titration data. ITC results revealed the binding to be exothermic and favored by both negative enthalpy and positive entropy changes. The heat capacity changes obtained from temperature dependence of enthalpy indicated -146 and -78 cal/(mol.K), respectively, for the binding of QNA and MB to CT DNA. Circular dichroism study further characterized the structural changes on DNA upon intercalation of these molecules. Molecular aspects of interaction of these molecules to DNA are discussed.